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a b s t r a c t
Data Extraction Module is a supplementary tool for the software package AMMOS_ProtLig
(Automated Molecular Mechanics Optimization tool for in silico Screening of Protein–
Ligand interactions). The purpose of the module is to facilitate further analyses of the
results after AMMOS ProtLig application. Data Extraction Module automatically processes
the output files after post-docking optimizationwithAMMOS_ProtLig. Themodule retrieves
the ligand and the protein data files of a protein–ligand complex, specified according to user
preferences. Data Extraction Module is developed as an open-source graphical application
for Microsoft Windows and Linux operating systems. The applicability of the module has
been tested on five protein–ligand complexes with different physicochemical properties
and topology. Data Extraction Module reduces the user’s involvement and accelerates the
process of data extraction by 5 to 10, depending on the size of the protein–ligand complex.
© 2012 Elsevier Ltd. All rights reserved.
1. Introduction
Nowadays, in silico approaches have become an integral part of research in both academic institutions and branches
of industry, aiming at directing optimal drug design and discovery. Among these methods, virtual screening of bioactive
compounds has become an established technique, whose ultimate goal is the identification of potential drugs among
thousands of chemical structures [1–4]. A crucial step in the virtual screening is docking. Once the knowledge of the
target is available, rapid docking algorithms are used to place the available candidate compounds within the active site
of the biochemical target of interest [1]. Recently, it has been suggested that post-docking optimization, either after
conventional docking–scoring procedures or after hierarchical virtual screening protocols, may help to further improve
both the docking pose and the scoring, and in this way the overall efficiency of virtual screening experiments [5]. For this
purpose, the software package AMMOS_ProtLig (Automated Molecular Mechanics Optimization tool for in silico Screening
of Protein–Ligand interactions) has been developed [5] for energy minimization of pre-docked protein–ligand complexes.
AMMOS_ProtLig is based on molecular mechanics, and it provides different levels of flexibility of the protein atoms; the
ligand is always flexible. As a result of the optimization, two of the AMMOS_ProtLig output files contain the coordinates
of the minimized ligands and the active atoms (atoms of the protein that can move depending on the selected level of
flexibility). Other AMMOS_ProtLig output file stores the energies of the minimized protein–ligand complexes ranked by
increasing energy values (corresponding to decreasing protein–ligand binding affinity). The stored data can be further used
for generation of enrichment curves in the virtual ligand screening protocols, analysis of protein–ligand interactions in the
minimized complexes, and other applications.
So far, treatment of AMMOS_ProtLig output files for the purposes of further analysis has been performedmanually by the
user. Thus the process is time consuming and prone to errors. In this paper, we present Data Extraction Module, which aims
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at facilitating and accelerating the process of data extraction after the AMMOS_ProtLig application. In order for it to be used
intuitively and in a more user-friendly manner, the module is developed as a graphical application for Microsoft Windows
and Linux operating systems. It has been applied for analysis of protein–ligand interactions in five protein–ligand complexes.
2. Overview of the software
2.1. AMMOS_ProtLig package for post-docking optimization
AMMOS_ProtLig [5] is a software package that performs an automated procedure for energy minimization of large
databases of chemical compounds, pre-docked into the target protein binding site. It is based on the open-source program
AMMP (AnotherMolecularMechanics Program) [6], and, as an upgrade, AMMOS_ProtLig consists of a series of scripts written
in C and Python. The package requires as input the protein (receptor) structure in .pdb format and a database of small drug-
like chemical compounds (ligands) in .mol2 format. During theminimization step, AMMOS_ProtLig offers five different levels
of flexibility of the receptor atoms; the ligand atoms are always flexible.
Case 1: all atoms of the protein can move (a fully flexible minimization).
Case 2: all atoms of the protein side chains can move.
Case 3: all atoms of the protein inside a sphere around the ligand can move.
Case 4: all atoms of the protein side chains inside a sphere around the ligand can move.
Case 5: the whole protein is rigid.
After processing the entire database of ligands, the results are stored in files consisting of the following: the coordinates
of all small molecules after minimization; the coordinates of the flexible part of the protein after minimization; warnings
(if any); and the energies of interaction between the protein and each of the ligands. Finally, one more energy file with the
ranked energies is generated.
AMMOS_ProtLig development is a result of collaboration between researchers from the Institute of Biophysics and
Biomedical Engineering, Bulgarian Academy of Sciences, Sofia, and a bioinformatics group from the University Diderot, Paris,
France. AMMOS_ProtLig is open-source software, and it works under Linux. It can be downloaded from http://www.mti.univ-
paris-diderot.fr/fr/downloads.html.
2.2. Ligand Interactions application in MOE
In order to test the Data Extraction Module and to expand the functionality of AMMOS_ProtLig, the protein–ligand
interactions have been analyzed at different levels of flexibility of the protein atoms. The X-ray structures of the complexes
have been used as references to validate the interactions. For this purpose, the Ligand Interactions application of the program
MOE [7] has been used for the visualization and analysis of protein–ligand interactions after post-docking optimizationwith
AMMOS_ProtLig package. The application identifies and assigns specific interactions in ligand–receptor complexes, such as
hydrophobic and ionic interactions, hydrogen bonds, and solvent contacts. It depicts the identified interactions via a two-
dimensional (2D) diagram or in a three-dimensional (3D) view. A detailed description of the application can be found in [7].
3. Data Extraction Module
3.1. Data extraction methodology
For the purpose of analysis of protein–ligand interactions, the treatment of ‘‘raw’’ AMMOS_ProtLig output files for the
particular protein–ligand complex goes through the following steps (Fig. 1):
(1) selecting the ligand, either the best pose (from the complexwith lowest energy), or a pose of user interest, and extracting
its coordinates;
(2) extracting the flexible atoms of the protein after post-docking optimization according to the selected level of flexibility;
(3) completing the protein by adding the coordinates of the atoms that remained rigid during optimization, again according
to the selected level of flexibility;
(4) formatting the extracted file of the protein to obtain a structure suitable for further visualization and analysis.
With all steps in the data extraction process being performed manually by the user, this implies the need for
process automation. For this purpose, Data Extraction Module has been developed as an automatic procedure for treating
AMMOS_ProtLig output files.
3.2. Development of Data Extraction Module
Data ExtractionModule consists of scriptswritten in C and Python, and it is elaboratedboth forMicrosoftWindows and Linux
operating systems. To be more convenient and user friendly, Data Extraction Module is developed as a graphical application,
supplied with a convenient help file. Fig. 2 illustrates the module’s interface.
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Fig. 1. Schematic diagram of the data extraction process.
Fig. 2. Interface of Data Extraction Module.
The purpose of the module is to obtain the protein and the ligand corresponding to the best pose after post-docking
optimization with AMMOS_ProtLig or to a pose of user interest for a particular study. Data Extraction Module operates on
AMMOS_ProtLig output files containing stored coordinates of the protein flexible atoms (.pdb) and each of the ligands from
the screened database (.mol2). First, the tool extracts the ligand indicated by the user (in .mol2) and only the flexible protein
atoms (in .pdb). Next, depending on the selected level of flexibility of protein atoms, the extracted protein is completed by
adding the coordinates of the rigid atoms. Finally, the protein is converted according to the .pdb format standards. Fig. 3
presents the pseudocode of the Data Extraction Module structure.
3.3. How does Data Extraction Module work
The user specifies the name of the protein to be used in the name of the module output files. Then, the user enters the
name of the ligand as it is stored in the energy output file of AMMOS_ProtLig. Next, the level of flexibility of the protein atoms
has to be selected. Finally, the user should browse the paths to the files containing the energy, the protein before and after
AMMOS_ProtLig, and the ligands after AMMOS_ProtLig (Fig. 2).
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Fig. 3. Pseudocode of Data Extraction Module.
Fig. 4. Input and output files of Data Extraction Module.
As a result of running Data Extraction Module, two files are obtained, containing
(1) the coordinates of the ligand atoms of the best pose (or the pose of interest);
(2) the coordinates of the flexible protein atoms corresponding to the ligand best pose (or the pose of interest), completed
with the coordinates of the rigid atoms, according to the selected level of flexibility of the protein atoms.
Those two files are stored in the working subdirectory Data_extraction. At the end of the module execution, all
intermediate files are removed from the subdirectory. Fig. 4 shows all the input and output files for Data Extraction Module
in a particular application.
The output files obtained in .pdb and .mol2 format are ready for visualization, simulation, and analysis of the
protein–ligand interactions by different software applications for molecular modeling.
3.4. Testing of Data Extraction Module
Data Extraction Module has been applied and tested on five protein–ligand complexes. As the application of the
module follows similar steps independently of the complex studied (Fig. 1), in this study the results for one complex are
given: neuraminidase-FDI (4-(N-acetylamino)-3-[N-(2-ethylbutanoylamino)] benzoic acid) (PDB ID 1B9S). Fig. 5 presents
conventional diagrams of the protein–ligand interactions, created with Ligand Interaction module in MOE. Fig. 5(a) shows
the specific interactions identified in the experimental crystallographic protein–ligand complex, and Fig. 5(b) shows the
interactions in the same complex after docking. In the X-ray structure of the complex, the following specific interactions are
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Fig. 5. Results before and after application of AMMOS_ProtLig andData ExtractionModule for post-docking optimization of the complex neuraminidase-FDI
(PDB ID 1B9S).
depicted: four hydrogen bondswith the protein residues Arg116, Arg150, Arg292, andArg374, and two contacts through one
water molecule with Glu226 and Glu276. It is evident that all specific interactions are lost as a result of docking (Fig. 5(b)).
What happens after applying AMMOS_ProtLig?Data ExtractionModule has been run for all five levels of flexibility, (shown
here are the interactions identified for two of them). By contrastwith the pose after docking, in case 3 (flexibility of all protein
atoms in a sphere around the ligand), only one new specific hydrogen bond interaction appears with the amino acid Arg154
(Fig. 5(c)). Case 1 with complete flexibility of the protein atoms restores two of the interactions in the X-ray structure (with
Arg116 and Arg150) and depicts two additional interactions: one hydrogen bond with the residue Arg154 (recorded also in
case 3) and one arene–cation interaction with Arg150 (Fig. 5(d)). Notably, three out of four pharmacophoric points of the
ligand (carbonyl and N-acetylamino groups) are involved in interactions.
Data extraction has been performed with and without application of Data Extraction Module. It should be noted that the
results obtained by manually performed data extraction and by the module are identical. The application of Data Extraction
Module accelerates this process by 5 to 10 times depending on the size of the protein–ligand complex.
4. Conclusions
Data Extraction Module retrieves the protein and the ligand structures corresponding to the best pose (or the pose of
interest) after post-docking optimization, thus assisting the subsequent analysis of the results from AMMOS_ProtLig. The
application of Data Extraction Module yields a significant acceleration of the data extraction process by reducing the user
involvement to indication of the input files and the level of protein flexibility only.
UsingData ExtractionModule, a further validation of AMMOS_ProtLig has been performed by analyzing the protein–ligand
interactions. It has been shown that, compared to docking, AMMOS_ProtLig allows specific protein–ligand interactions,
observed in the X-ray structure, to be partially recovered in the optimized complexes.
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Data Extraction Module is a step forward in increasing the functionality of AMMOS_ProtLig, which – as open-source
software – can not only to be used directly by specialists working in the area of computer aided drug design but also can be
continually extended by new applications.
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